Abstract. IBI is a widely used approach for assessing ecological integrity of wetland, it's easy to be understood by the public. The ecosystem health of Poyang Lake Wetland was evaluated by IBI combined with UAV remote sensing technology. IBI was developed by means of vegetation data collected from Poyang Lake Wetland. 49 candidate vegetation metrics were tested for their ability to discriminate between sampling points with different interference levels. 8 metrics were eventually selected, and then they were transformed into uniform scores using ratio score method, the sum of the metric scores at a site becomes the IBI scores. Based on the 95% percentile of value in all sites, the criteria of health ranking is determined. The distribution range below 95% percentile is divided into 4 quarters. Result shows that among all sites, 6 were healthy, 12 were subhealthy, 8 were good-to-fair, 3 were fair and 1 was poor. The health status of Poyang Lake Wetland is closely related to the disturbance of human activities, and the health status of wetland in nature reserve is obviously superior to other areas.
Introduction
Wetland is a transitional zone between terrestrial ecosystem and aquatic ecosystem, it plays an important role in ecological balance [1] [2] . However, owing to human's unreasonable utilization for long time, wetland have changed a great deal in area and landscape structure, ecological function was seriously affected and biodiversity was rapidly reduced [3] , which seriously affected wetland ecosystem health and even threaten the health and development of human beings. Wetland ecosystem health research has become a research hotspot, and IBI is one of the commonly used methods of wetland ecological monitoring [4] .
IBI was first proposed by American scholar Karr, fish was selected as indicator to construction of biological integrity for river health assessment [5] . Nowadays, IBI has been widely used in wetland ecosystem health assessment [6] . Compared with methods based on land use and socio-economic factors, the results of IBI are more accurate and reliable, intuitive and easy to understand. Ecological characteristics of plant communities can comprehensively reflect the basic structure, functioning, and health status of an ecosystem. Vegetation based index of biotic integrity (V-IBI) is often used in health assessment of lake and marsh ecosystems [7] [8] [9] [10] .
To address the ecological integrity and health status of Poyang Lake Wetland, By using the V-IBI method, we hope to understand the ecological health of Poyang Lake wetland, and be able to provide an important method and means for Poyang Lake Wetland ecosystem health assessment and environmental monitoring, as well as provide a scientific basis for Poyang Lake Wetland protection and management policy and ecological warning.
Materials and Methods

Study Area
Poyang Lake is the largest fresh water lake in China, which is located in the middle reaches of the Yangtze River basin [11] . The Poyang Lake watershed covers 97% of the territory of the Jiangxi province, representing a highly matched natural and administrative entity, which is an ideal setting for conducting research [12] .The health of Poyang Lake Wetland is essential to maintaining the ecological balance of the Poyang Lake basin and even the middle reaches of the Yangtze River basin. Poyang Lake Wetland has been subjected to high intensity of human activities for a long time, which greatly increased the risk of wetland degradation.
Sample Collection and Processing
30 sampling sites were collected during September to November, 2016 (Figure 1 ). Vegetation datas were measured by transect and quadrat method. Plant species, proportion, overall coverage, coverage of plant litter, invasive plants and growth status were recorded; Land use type, habitat status and human disturbance were investigated. Turbidity, dissolved oxygen, conductivity and pH were measured using a portable multi-probe metre. 
Reference Site Selection
It is hard and not practical to find undisturbed sites as reference sites since human activities are widespread. So the reference sites are least damaged sites. We selected them with the help of unmanned aerial vehicle (UAV) remote sensing technology, UAV has the advantages of high resolution, high timeliness, low cost and fixed-point, which can help us analysis the habitat quality. Reference sites were selected based on land use, water quality and human activities. Finally, 7 reference sites were selected, S1 and S2 are located in the Nanji Wetland, S5, S6, S9, S29 and S30are located in the Wucheng Wetland, they are well protected by government with higher less human activities and there were no obvious pollution source around.
Metric Testing and Scoring
To establish the V-IBI calculation, candidate vegetation metrics based on species richness, abundance, community structure, species tolerance and ecological affinity were selected for their ability to discriminate. They were tested as follows: Firstly, according to their distribution range, remove metrics with narrow distribution range. Secondly, using boxplot analysis the distribution range of metrics scores between reference sites and impaired sites, only when IQ ≥ 2, metrics will pass the test. Finally, using Pearson correlation analysis to examine the correlation between metrics, if |R|>0.8, they were considered highly correlated, only one of them will be selected.
The final metrics were transformed into uniform scores using the four score method. For metric scores increased with interference, set 95% quantile as the most expectation site score, then divide the distribution range below this value into 4 divisions, Scores record 6 points, 4 points, 2 points and 0 points from largest to smallest. For metric scores decreased with interference, set 5% quantile as the most expectation site score, then divide the distribution range below this value into 4 divisions, Scores record 6 points, 4 points, 2 points and 0 points from smallest to largest. Finally, the total V-IBI score was obtained by summing the scores.
Evaluation Standard
The 95% quantile of the V-IBI of all sites was taken as the best expectation value. When the V-IBI score of a site was higher than the expectation value, it is considered to be in a state of health, and the distribution range below this value was divided into four equal parts.Finally, ecosystem health of Poyang Lake Wetland can be divided into five health levels, healthy, subhealthy, good-to-fair, poor and very poor according to the evaluation of wetland health status.
Results
Metric Selection and Development
Among the 49 candidate metrics, 8 metrics with small ranges were eliminated, 29 metrics haven't pass the boxplot test. 8 metrics were left after correlation analysis (table 1), they are: submerge species (M2), exotic species (M15), percentage of Phalaris species (M21) percentage of species with both sexual and vegetative propagation (M27), coverage degree of perennial (M38), tolerant species (M42), coverage degree of tolerant species (M44) and coverage degree of sensitive species (M47). The total V-IBI score was obtained by summing the scores from the 8 metrics. Based on the 95% percentile of value in all sites, the criteria of health ranking was detemined. The Poyang Lake Wetland ecological health were divided into five grades: healthy (V-IBI≥40.1), subhealthy (V-IBI between 33.83 and 40.1), good-to-fair (V-IBI between 24.55 and 33.83), poor (V-IBI between 15.28 and 24.55), very poor (V-IBI≤15.28).
Ecological Health Status of Wetland in Poyang Lake
According to the V-IBI assessment, 7 reference sites included 6 healthy sites and 1 subhealthy site. 11 of 23 impaired sites are subhealthy, 8 are good-to-fair, 3 were poor and 1 site are very poor (table 2) . Overall, the health condition in the southern and southeastern Poyang Lake Wetland are worse than other regions, and the health of wetland within the nature reserves is better, since there are fewer human activities and less disturbance intensity in the nature reserves. In the six healthy sites, four sites are located in the "Poyang Lake Nanji Wetland National Nature Reserve", two sites are located in "Jiangxi Poyang Lake National Nature Reserve", they are being protected well by the government. And the other two sites are just near the two National Nature Reserves, they all have better qater quality, higher vegetation diversity and less human interference. Among the twelve subhealthy sites are mainly located around the health sites, they mainly distributed in the western of the wetland, and interfered with small human activities disturbance. The eigth good-to-fair sites, mainly distributed in the southeast and south wetland with intensive agricultural, large population and other human activities. The three poor sites and one very poor sites are distributed in southeast of the wetland, these sampling sites are concentrated around human activities, there land use types are dominated by agriculture, roads and villages, invasive and xerophytic species are often found.
Summary
We assessed the health status of 30 sampling sites of the Poyang Lake Wetand with the IBI method combined with the UAV remote sensing technology. The V-IBI system was constructed with vegetation data only which was objective and provided scientific basis for the health status of Poyang Lake Wetland. It turned out that sites in National Nature Reserve have been protected well and have better ecosystem health than other sites, since there are less human disturbance. Therefore, in order to protect the ecological health of Poyang Lake, we should take more effective measures to reduce the damage of human activities, and protect the Poyang Lake wetland ecosystem health, then it can play the greatest ecological benefits for our humanbeings.
